and the incidence and mortality of CRC can be reduced by the early detection and removal of these premalignant lesions. [3] [4] [5] Colonoscopy is a cornerstone of effective CRC prevention, but unfortunately colonoscopy does not prevent all CRCs, especially proximal CRCs. 6, 7 Colon cancers that develop within 5 years of a complete colonoscopy have been termed "interval cancers. "
INTRODUCTION
Colorectal cancer (CRC) is the third most common malignancy in the world and the fourth leading cause of cancerrelated death in Korea. 1, 2 Most cases of CRCs originate from adenomatous polyps by an adenoma-carcinoma sequence, www.irjournal.org pathway are epigenetic DNA promoter hypermethylations leading to a CpG island methylator phenotype (CIMP) and microsatellite instability (MSI). CIMP-high and MSI-high are frequently detected in interval cancers. [8] [9] [10] [11] [12] Serrated polyps attract attention as precursors of these interval cancers. Serrated polyps are classified by the World Health Organization (WHO) into three categories: HP, SSA/polyp, and traditional serrated adenoma (TSA). 10 Histologically, a sawtooth appearance of the crypt epithelium is a common feature of serrated polyps. SSAs account for 5%-25% of serrated polyps and are usually found in the proximal colon as they are typically larger than HPs. However, TSAs are rarer than SSAs and are found in the distal colon. 10 Only a few studies have demonstrated the characteristics of CRCs developed from SSAs (CRC-SSAs) or TSAs (CRCTSAs), and the majority of these papers were case series that were mainly focused on pathologic or molecular characteristics only. [13] [14] [15] There have been no reports that compared the clinical characteristics and outcomes of CRC-SSAs or CRC-TSAs with CRCs developed from conventional adenomas (also called tubular, tubulovillous, or villous adenomas; CRC-adenomas). Furthermore, the effectiveness and safety of endoscopic resection for early CRCs from SSAs or from TSAs are still unknown. The aims of this study were to clarify the clinical characteristics and outcomes of endoscopically resected early CRCs developed from SSAs, TSAs, or adenomas.
METHODS

Study Population
A retrospective cohort study was designed. Patients who had endoscopic resection of early CRCs at Seoul National University Hospital (SNUH) from January 2008 to December 2011 were identified. Among them, patients who had early CRCs with pre-existing conventional adenomas, SSAs, or TSAs were included. Patients who had received colectomy previously; patients with hereditary CRCs, such as familial adenomatous polyposis or hereditary non-polyposis CRC; patients with IBD; and patients who did not receive a followup colonoscopy at SNUH were excluded.
Colonoscopy and Bowel Preparation
Colonoscopy was performed using a standard colonoscopy (Olympus CF H260AL, Olympus, Tokyo, Japan). Generally, 4 L of polyethylene glycol solution was used for bowel preparation. A colonoscopic polypectomy was not conducted when patients showed inadequate bowel preparation. These patients received additional bowel preparation until it was adequate. During the colonoscopy, all of the resectable early CRCs with lifting signs were resected by either endoscopic mucosal resection (EMR) or endoscopic submucosal dissection (ESD) according to the endoscopist' s decision.
Endoscopic Resection of CRC
The EMR technique is described below. After submucosal injection of saline solution with diluted epinephrine and indigo carmine, circumferential capture of the early CRC with a snare was performed. Polypectomy was executed with a coagulating electrical current. For ESD, after marking and a submucosal injection around the early CRC, cutting was performed with a needle knife followed by submucosal dissection with an insulated-tip electrosurgical knife. Piecemeal EMR or ESD was performed for large CRCs that were difficult to resect by the en bloc method.
Definitions of Variables
Early CRCs were divided into three groups according to the type of pre-existing adenoma: CRC-adenomas, CRCSSAs, and CRC-TSAs. Locations of CRCs were divided into the proximal and distal colon. The proximal colon was defined as the cecum to the splenic flexure and the distal colon was defined as the descending colon to the rectum. Types of early CRCs were classified as protruded, flat, laterally spreading tumor (LST), or depressed from an endoscopic view according to Kudo' s classification. 16 Early CRCs resected as a whole were termed en bloc, and early CRCs resected in fragments were called piecemeal resections. Numbers of total polyps, adenomas, advanced adenomas, SSAs and/or TSAs, and HPs per patient were counted. Advanced adenoma was defined when more than one of three following characteristics were fulfilled; i.e., size ≥1 cm, villous histology, or highgrade dysplasia. 
Histological Analysis
Pathology reports were confirmed by experienced pathologists of SNUH. A pre-existing adenoma of CRC-adenoma was defined as an adenomatous lesion abutting to a CRC, which refers to a precursor lesion of the corresponding CRC. CRC-SSA and CRC-TSA were defined when pre-existing serrated polyps were identified at the edge of a CRC-SSA, CRC-www.irjournal.org TSA, or CRC showed a serrated morphology carcinoma. 18 A diagnosis of pre-existing serrated polyps was made according to WHO criteria. 19 SSA was diagnosed when more than three adjacent abnormal crypts and marked dilation of crypts (L or boot shaped) with horizontal bases were detected. Dysplasia of SSA was diagnosed when pseudostratified columnar cells with elongated and hyperchromatic nuclei were detected (conventional dysplasia) 10 or columnar cells with round nuclei, prominent nucleoli, and scant cytoplasm were noticed (serrated dysplasia). 11, 13, 20 TSA was diagnosed when filiform-structure growth and perpendicular formation of crypts from the main crypt (also known as ectopic crypt formation) were observed. TSA with dysplasia was also diagnosed when cytologic dysplasia or serrated dysplasia was detected. Cytologic dysplasia was defined as the conventional dysplasia of SSA. Serrated dysplasia was defined as eosinophilic cytoplasm with large hyperchromatic nuclei.
10,12
Dysplasia of pre-existing lesions was classified into lowgrade, high-grade, or no dysplasia. The resection margin was classified as negative, positive, or uncheckable. 21 Negative referred to the presence of space between the resected margin and the CRC; positive referred to the presence of CRC abutted to the resected margin; and uncheckable was used when the resected margin was blurred by electrical damage or tangential cutting of the specimen. CRC with a positive margin was further classified into positive in the lateral margin, positive in the deep margin, or positive in both the lateral and deep margin. In cases of piecemeal resection, we evaluated all of the fragments of piecemeal-resected specimens and if the main specimen contained all of the cancer tissue with a negative resection margin, it was decided it was a negative resection margin. When the deep margin of the pieces involved cancer tissue, it was considered as a positive resection margin. Uncheckable was selected when neither a negative nor a positive margin was identified or when it was impossible to decide on margin status after reviewing all of the pieces retrieved.
Follow-up Policy
After endoscopic resection of early CRC, an initial followup colonoscopy was generally performed after 3 months. Subsequent colonoscopies were routinely performed every 6 months for 2 years. When the resection margin was positive after endoscopic resection, an additional operation was recommended. For patients who did not receive additional operations, close follow-up colonoscopies were performed every 3-6 months.
Assessment of Outcomes
Local recurrence and metachronous recurrence were investigated for the assessment of clinical significance after endoscopic resection of early CRC-SSAs and TSAs. Local recurrence was defined as a newly detected adenoma or carcinoma, located on the scar tissue of the previously resected early CRC at follow-up colonoscopy. A cold biopsy was performed on scar tissue at follow-up colonoscopy to detect local recurrence. Metachronous recurrence was defined as newly detected adenoma or carcinoma other than local recurrence on follow-up colonoscopy. To exclude synchronous recurrence, metachronous recurrence was defined as a new lesion detected after more than 6 months from the initial colonoscopy. 22, 23 When numerous lesions were detected at follow-up colonoscopy, the most advanced lesion was counted for metachronous recurrence. For example, if a new CRC and adenoma were discovered simultaneously at follow-up colonoscopy, the CRC was counted as metachronous recurrence. A single experienced endoscopist (Seo JY) reviewed all images and colonoscopy records and made classifications of local or metachronous recurrence.
Complications of EMR or ESD were also verified. Cases of bleeding and perforation were assessed for complications. Bleeding events were divided into immediate and delayed bleeding on the basis of whether they occurred less than or greater than 24 hours after the procedure, respectively.
Statistical Analysis
Values were expressed as the median (range) or frequencies (percent). Differences among the three groups were analyzed with a χ 2 analysis or Fisher' s exact test for nominal variables and the Kruskal-Wallis test for ratio variables. Pvalues less than 0.05 were considered statistically significant. All statistical analyses were performed with SPSS software, version 18.0 (SPSS Inc., Chicago, IL, USA).
Ethics Statement
The study protocol was approved by the Institutional Review Board of SNUH (IRB No. 1403-092-566) and was conducted in accordance with the Declaration of Helsinki. The written informed consent was waived. www.irjournal.org
RESULTS
Cases of CRCs with Pre-existing SSAs or TSAs
A total of 208 early CRCs, detected in 198 patients who received endoscopic treatment from January 2008 to December 2011, were analyzed. Among them, there were five CRCSSAs and five CRC-TSAs. All of the CRC-SSAs and CRC-TSAs were a single lesion per patient. The clinical and pathologic features of patients with CRC-SSA and CRC-TSA are shown in Table 1 .
Patient 1 received initial diagnostic colonoscopy at an outside hospital for a suspicious lesion detected by PET-CT and was referred to SNUH for endoscopic resection. Therapeutic colonoscopy was performed 2 months after the first colonoscopy. A total of nine polyps were detected, including one CRC-SSA and three SSAs; eight were removed by EMR, and one was removed by ESD. A 3 cm polyp containing 0.3 cm of early CRC at the mid transverse colon was removed by piecemeal EMR, and a 2.5 cm mixed SSA at the distal transverse colon was removed by ESD. However, 5 months after the endoscopic resection, 3.5 and 2.5 cm SSAs were detected at the follow-up colonoscopy. Prudent reviewing of the images of the first colonoscopy revealed two 1.0 cm LSTs at the same site of the colon as seen on the follow-up colonoscopy. These 2 large missed SSAs were not included for metachronous recurrence. The PET-CT image, endoscopic capture image, and histologic pictures of the CRC-SSA are displayed in Fig. 1 .
The two CRC-SSAs (patients 1 and 2) were resected by piecemeal resection but the resection margins were negative and local recurrence did not occur. One patient (patient 3) with en bloc resection had involvement of the lateral margin by carcinoma but local recurrence was absent during the follow-up period.
Patient 7 received colonoscopy for a positive stool hemoglobin test. She had six polyps at the initial colonoscopy; one was an intramucosal adenocarcinoma with a baseline TSA, three were serrated polyps, and two were low grade tubular adenomas. A sufficient resection margin was achieved for the early CRC; i.e., 0.9 cm for both the lateral and deep resection margin. Three months later, a 0.5 cm adenoma in the sigmoid colon, which was the same segment that the previous early CRC arose in, was detected at a subsequent colonoscopy. Because scar tissue was absent around this adenoma and the pathologic type was different, this adenoma could be a missed lesion rather than local recurrence.
Nine of ten patients were checked with CT scan or PET- CT for verification of lymph node or distant metastasis and none of the patients had lymph node or distant metastasis. Patient 2, who had submucosal invasion of the CRC, did not undergo additional work-up or surgery because of underlying cardiac disease and old age. Three patients (patients 1, 4, and 6) received PET-CT before endoscopic resection of CRCs. Patients 1 and 6 showed a high standardized uptake value (SUV, 9.0 and 13.5, respectively), but there was no signal intensity on the PET-CT of patient 4.
Baseline Characteristics of Patients and Endoscopic Features of CRCs
Baseline characteristics of the patients and endoscopic features of the early CRCs according to pre-existing lesions are displayed in Table 2 . The median age of the patients was 63 (30−82) years in patients with CRC-adenomas, 70 (55−80) years in patients with CRC-SSAs, and 64 (40−73) years in patients with CRC-TSAs, which were not significantly different among the three groups. Patients with CRC-SSAs and with CRC-TSAs were predominantly women (n=3, 60.0% for each), but CRC-adenomas occurred less frequently in women (n=62, 33.0%). The numbers of adenomas, advanced adenomas, HPs, and accompanying SSAs and/or TSAs per patient were not significantly different among the three groups. Tumor markers, such as CEA, CA19-9, and size of the early CRCs, were not significantly different according to the type of pre-existing lesions. CRC-adenomas (n=154, 77.8%) and CRC-TSAs (n=4, 80.0%) tended to localize to the distal colon, and CRC-SSAs tended to be located in the proximal colon (n=3, 60.0%). The protruded type of early CRCs were the most common in CRC-TSAs (n=4, 80.0%). In contrast, proportions of the protruded type and LST were the same in CRC-SSAs (n=2, 40.0%). All of the early CRCs with underlying SSAs and TSAs received EMR. En bloc resection was performed for 146 (73.7%) CRC-adenomas, 3 (60.0%) CRCSSAs, and all CRC-TSAs (n=5).
Complications of Endoscopic Resection Procedures
Complications of endoscopic resection procedures are also shown in Table 2 . In terms of complications, there was only one micro-perforation (20.0%) case in a patient with CRC-SSA (patient 1). After the procedure, abdominal pain and fever developed and a chest radiograph showed intraabdominal free air. Fortunately, the patient recovered after medical treatment. Complications did not occur in patients with CRC-TSAs. Bleeding did not occur after endoscopic resection of CRC-SSAs or CRC-TSAs.
Pathologic Characteristics of CRCs
The pathology results of early CRCs according to the preexisting lesions are shown in Table 3 . The resection margin was negative in all CRC-TSAs. In contrast, among five CRCSSAs in the CRC-SSA group, 3 (60.0%) had a negative margin, 1 (20.0%) had a positive margin, and 1 (20.0%) had an uncheckable margin. Those results seemed to indicate a worse outcome than CRC-adenomas, however these differences were not significant (P =0.573). An additional operation for a positive resection margin was performed for 9 (4.5%) CRC-adenomas. None of the patients with CRC-SSAs received additional treatment.
Two CRC-SSAs (40.0%) had high-grade dysplasia, which was a higher rate than that in CRC-adenomas (n=51, 25.8%). Only two CRC-TSAs (40.0%) had low-grade dysplasia and the remaining three CRC-TSAs (60.0%) showed an absence of dysplasia. These differences among groups were signifi- Proximal colon was defined as cecum to splenic flexure, distal colon was defined as descending colon to rectum. c CA19-9 was performed for only one patient in the CRC-TSA group. EMR, endoscopic mucosal resection; ESD, endoscopic submucosal dissection. www.irjournal.org cant (P<0.001). The CRC-SSA and CRC-TSA groups tended to have a lower incidence of submucosal invasion (n=1, 20.0% in the CRC-SSA group and n=0 in the CRC-TSA group, P =0.253). Neither the CRC-SSA group nor the CRC-TSA group had angiolymphatic, venous, or perineural invasion of cancer. On the contrary, 8 patients (4.1%) in the CRCadenoma group had angiolymphatic invasion.
Clinical Outcomes of CRCs
Clinical outcomes of early CRCs according to baseline lesions are displayed in Table 4 . The median follow-up duration was 23.5 (2.6−71.1), 11.8 (4.7−27.8), and 20.8 (6.1−30.6) months in patients in the CRC-adenoma group, the CRC-SSA group, and the CRC-TSA group, respectively. There were 15 (7.5%) local recurrences in the CRC-adenoma group; 6 (3.0%) were recurrences of CRCs and 9 (4.5%) were recurrences of adenomas. There was no local recurrence of either CRC or adenoma after endoscopic resection in the CRC-SSA group or the CRC-TSA group. For metachronous recurrence, 2 (1.0%) cases had new CRCs, and 21 (10.6%) cases had new advanced adenomas in the CRC-adenoma group, while neither metachronous CRCs nor advanced adenomas were detected in the CRC-SSA group or the CRC-TSA group. A single case of metachronous adenomas (10.0%) was detected in each of the CRC-SSA and CRC-TSA groups. Two adenomas were detected after 11.8 months follow-up in patient 2 and similarly two adenomas were detected after 6.8 months from initial colonoscopy in patient 9.
DISCUSSION
We investigated the clinical characteristics and outcomes of endoscopically resected early CRCs. The CRC-SSA group In previous reports, synchronous and metachronous lesions were frequent when serrated polyp was detected. 24, 25 In this study, the number of synchronous lesions was not significantly different and metachronous recurrences could not be compared among the three groups because of the small number of cases in the CRC-SSA and CRC-TSA groups. However, upon reviewing our 10 cases of CRC-SSAs and CRC-TSAs, new lesions were discovered in two cases after 6 months. As with patient 1, SSAs are frequently missed because SSAs tend to localize to the proximal colon, and they usually have a flat shape and are covered with mucus. 26, 27 Although various techniques were introduced to improve the detection of SSA, the endoscopist's effort to detect and remove SSAs was the most important factor. 28 Considering that numerous new lesions were detected within a short period, careful examination to find synchronous lesions is needed, especially if CRC developed from a serrated polyp is suspected during colonoscopy. In this study, the CRC-SSA group showed a higher rate of Values are presented as median (range) or n (%).
high-grade dysplasia than those in the CRC-adenoma group. These findings are considered strong evidence of the "serrated neoplasia pathway" because the progression of dysplasia in a sessile serrated polyp is a key step in becoming CRC through the "serrated neoplasia pathway. " However, the CRC-TSA group showed a higher rate of absence of dysplasia (P<0.001), and this finding suggests a possible different pathway of CRC development from TSA. Previously, Goldstein reported pathologic features of eight cases in which serrated polyps developed into invasive adenocarcinoma or high-grade dysplasia, and six cases of these small-sized adenocarcinomas invaded into the submucosa. 13 Ban et al. also reported that five CRCs among eight cases of CRC-SSAs invaded into the submucosa or muscularis propria layer. 15 These results suggest that serrated adenocarcinomas might invade downward rather than laterally early in their carcinomatous phase. 13 However, among 10 cases of CRCs from serrated polyps in our study, only one case of CRC-SSA invaded into the submucosa, and the depth of invasion and size of the CRC was not different between CRCSSAs and CRC-adenomas. This discrepancy may be a possible selection bias because only patients with endoscopically resected CRCs were enrolled in this study, and these lifted lesions are generally considered as a lesion confined to the mucosa.
In this study, patient 1 is an interesting case for displaying the natural course of SSAs. Two 1 cm SSAs detected at an outside colonoscopy rapidly grew to 3.5 cm and 2.5 cm (Fig. 1) during 7 months. This finding may demonstrate the www.irjournal.org aggressive nature of SSAs. Furthermore, he had five serrated polyps proximal to the sigmoid colon and four of them were larger than 1 cm. These conditions satisfied the diagnostic criteria of serrated polyposis syndrome (SPS). 29 The SPS is associated with a high prevalence of accompanying CRCs and a 1-year surveillance interval for SPS patients is recommended.
In this study, one of two cases in the CRC-SSA group and one case in the CRC-TSA group who received PET-CT had high SUVs. In our previous PET-CT study, the sensitivity of PET-CT for CRC was 88.1% and for advanced adenoma it was 54.4%. 30 However, there has been no previous report about PET-CT results related to serrated polyps or serrated adenocarcinomas. Considering that most of these lesions are difficult to discover and easily missed on colonoscopy, the effectiveness of PET-CT for detecting serrated lesions would be an interesting investigation.
There are important advantages to this study. Because serrated adenocarcinoma is rare, only a few case series were published with a small number of cases, and these were mainly focused on pathologic features. We elucidated the clinical characteristics of early CRCs from SSAs or TSAs and compared them with early CRCs from conventional adenomas. Furthermore, we demonstrated the outcome, safety, and effectiveness of endoscopic resection for early CRCs derived from SSAs or TSAs. Finally, local recurrence did not occur after endoscopic resection of CRC-SSA and CRC-TSA. Therefore, a colonoscopy surveillance program similar to that used for CRC-adenoma could be considered after endoscopic resection of CRC-SSA or CRC-TSA.
However, there are several limitations to our study. First, this was a retrospective study, and it is therefore subject to drawbacks that are inherent in retrospective analysis, such as the potential for missing cases and selection bias. Second, CRC-SSAs and CRC-TSAs are rare diseases; therefore, the total number of patients with CRC-SSAs or CRC-TSAs was not enough to perform statistical analyses and interpretation. Third, molecular pathology was not verified in our study. Finally, because our study enrolled only patients with endoscopically resected early CRCs, only patients with relatively early CRCs were enrolled and this may be a selection bias.
In conclusion, cautious observation of synchronous lesions and early endoscopic resection of SSA/TSA are necessary for decreasing the number of interval cancers. CRCs developed from serrated polyps can be treated by endoscopy successfully.
